Background-Cytoskeletal changes after longterm exposure to ethanol have been described in a number of cell types in adult rat and humans. These changes can play a key part in the impairment of nutrient assimilation and postnatal growth retardation after prenatal damage of the intestinal epithelium produced by ethanol intake. Conclusions-Longterm exposure to ethanol in utero causes severe dysfunction in the cytoskeleton of the developing intestinal epithelium. Actin and cytokeratins, which are involved in cytoskeleton anchoring to plasma membrane and cell adhesion, are particularly affected, showing overexpression, impaired proteolysis, and mislocalisation.
Methods-Single and double electron microscopy immunolocalisation and label density estimation of cytoskeletal proteins on sections of proximal small intestine incubated with monoclonal antibodies against actin, a-tubulin, cytokeratin (polypeptides 1, 5, 6, 7, 8, 10, 11, and 18) , and with a polyclonal antibody anti-3 1,4-galactosyl transferase as trans golgi (TG) or trans golgi network (TGN) marker, or both. SDS-PAGE technique was also performed on cytoskeletal enriched fractions from small intestine.
Western blotting analysis was carried out by incubation with the same antibodies used for immunolocalisation. Results-Intestinal epithelium ofnewborn rats from the ethanol treated group showed an overexpression of cytoskeletal polypeptides ranging from 39 to 54 kDa, affecting actin and some cytokeratins, but not tubulin. Furthermore, a cytokeratin related polypeptide of28-29 kDa was identified together with an increase in free ubiquitin in the same group. It was noteworthy that actin and cytokeratin were abnormally located in the TG or the TGN, or both.
Conclusions-Longterm exposure to ethanol in utero causes severe dysfunction in the cytoskeleton of the developing intestinal epithelium. Actin and cytokeratins, which are involved in cytoskeleton anchoring to plasma membrane and cell adhesion, are particularly affected, showing overexpression, impaired proteolysis, and mislocalisation. (Gut 1996; 38: 846-852) Keywords : actin, cytokeratin, fetal alcohol syndrome, trans golgi network, tubulin, ubiquitin.
Longterm exposure to ethanol in utero results in postnatal growth retardation in the rat,' which could be related to prenatal damage2 3 induced by the high ethanol concentration found in the fetal gastrointestinal lumen. 4 However, the mechanism by which Given the significance of the cytoskeleton for enterocyte function at birth, and its importance to postnatal nutrition in mammals, the aim of this study is to determine in the newborn rat which cytoskeletal proteins are affected by longterm ethanol exposure in utero and to what extent.
Methods

Animals and treatments
The experiments were performed on the offspring of female Wistar rats from our own . Vesicular elements from apical and lateral enterocyte cytoplasm showed no labelling in controls (A, X 5 000), whereas homologous areas in the ethanol exposed group were strongly labelled (B, X 53 000). The lateral interdigitations between adjacent enterocytes were little developed and poorly labelled in controls (C, X 57 000), whereas in the ethanol exposed group they were highly developed and labelled (D, X62 000). Bars=5 ,um. 
Results
Cytoskeletal immunolocalisation was performed in duodenum and proximal jejunum of both control and prenatally ethanol exposed newborn rats. Within each experimental group, absorptive cells from the duodenum were structurally similar to those of the proximal jejunum, and had the same organisation pattern as those of adults. However, prenatally ethanol exposed enterocytes showed greater development of endomembranes around the nucleus than controls. These membranes, which appeared in a vesicular form and associated with saccules of Golgi complex (see Figs  2, 3 , and 4), were identified as trans golgi or trans golgi network (TGN) by specific labelling with anti-p 1,4-galactosyl transferase (see Fig 4) .
Tubulin was similarly distributed throughout the cytoplasm of control and prenatally ethanol exposed neonates, mainly in microtubular structures. No atypical intracellular localisation was seen such as label association with microvilli or TGN (Fig 1 (C) and (D) ).
The label density of the tubulin associated with cytoplasm showed no significant differences between control and prenatally ethanol exposed neonates (Table) .
Actin distribution in the apical domain of the enterocyte was similar in control and prenatally ethanol exposed neonates (Fig 1 (A)  and (B) ), and actin label density in the 3uP =t' i ,.
S'
Figure 3: Cytokeratin immunolocalisation in control (A and C) and prenatally ethanol exposed enterocytes (B and D). Golgi related vesicles were devoid of label in controls (A, X 63 000), whereas in the ethanol exposed group they showed strong labelling associated with the innerface of vesicular membranes (B, X 45 000). Cytokeratin bundles showed little label in controls (C, X21 000), whereas in the ethanol exposed group they showed abundant label (D, X53 000). Bars (A, B, D) =5 ,um; bar (C) =2 ,um.
microvilli showed no significant differences between experimental groups (Table) . Likewise, the cytoplasmic bundles of actin filaments showed no quantitative or distribution differences between experimental groups (data not shown). However, the interdigitations in the lateral domain of plasma membrane were more developed in prenatally ethanol exposed neonates than controls (Fig 2 (C) and (D) ), and the actin label density associated with these structures was significantly increased in ethanol exposed enterocytes (Table) . Regarding the vesicular compartment, abundant actin label density was associated with the internal face of vesicular membranes in prenatally ethanol exposed enterocytes, whereas control vesicles were devoid of label, showing a label density similar to background (Fig 2 (A) and (B); Table) . Cytokeratin localisation at the terminal web and apical cytoplasm showed no significant differences between control and prenatally ethanol exposed enterocytes (Fig 3 (C) and (D)). However, the cytokeratin bundles from medial and basal cytoplasm showed a significant label density increase in prenatally ethanol exposed enterocytes, compared with controls (Table) . Furthermore, like actin, cytokeratin was associated with the vesicular compartment of prenatally ethanol exposed enterocytes, and absent in control vesicles (Fig 3 (A) and (B) ).
Characterisation of this vesicular compartment with anti-1 1,4-galactosyl transferase (Fig 4 (A) ) showed that both actin (Fig 4 (B) ) and cytokeratin (Fig 4 (C) ), but not tubulin, were associated with the trans golgi or TGN compartments, or both, after prenatal ethanol exposure. The protein pattern of intestinal cytoskeletal enriched fractions was similar in control and prenatally ethanol exposed neonates, as shown by SDS-PAGE analysis. However, a significant increase in polypeptides of molecular mass ranging from 39 to 54 kDa was seen in prenatally ethanol exposed neonates (Fig 5 (A) ), compared with controls. This result supports the data of immunogold quantifications (Table) as the increased protein range coincides with the molecular mass of most intestinal cytoskeletal proteins.
Western blotting of the intestinal cytoskeletal enriched fractions and subsequent analysis of cytokeratins with the same mAb as used for immunolocalisation, showed a similar cytoskeletal pattern for the two experimental groups within the range of 45-53 kDa (Fig 5  (B) ). However, an additional band of an apparent molecular mass of 28-29 kDa was detected in the prenatally ethanol exposed neonates. It was noteworthy that none of the cytokeratins characterised so far in published reports have a molecular mass similar to 28-29 kDa.
The increased abundance of ubiquitin in prenatally ethanol exposed neonates, compared with controls, was shown by western blotting of the intestinal cytoskeletal enriched fractions (Fig 6) . This increase corresponds basically to the free ubiquitin pool. Discussion This study shows the effects of ethanol on the major cytoskeletal proteins of the gut epithelium from rat neonates, which was exposed to higher concentrations in the gastrointestinal lumen than in other fetal compartments.4
Ethanol crosses the placental barrier and is distributed and accumulated in a concentration gradient.4 33 However, reports of the passage of acetaldehyde, a product of ethanol oxidation, across the placental barrier are contradictory.34-37 Although placenta and fetal liver contain little alcohol dehydrogenase,4 36 there is evidence during longterm alcoholism of other pathways of ethanol oxidation both from maternal and from fetal tissues,38 39 which could interact with the cytoskeleton. These derivatives of ethanol, such as acetaldehyde and hydroxyethyl radicals, are probably produced either by peroxisomal catalase or by the microsomal ethanol inducible cytochrome P450.40 Furthermore, Lange4' reported the formation of ethyl esters by non-oxidative reactions associated with glutathione S-transferase.
Increased concentrations of actin and cytokeratins, but not tubulin, were first suggested The possibility of an ethanol induced inhibition of protein degradation has been studied in Furthermore, we observed that enterocytes exposed to ethanol in utero showed deficiencies in cell-cell and cell-basal lamina adhesion, with occasional detachment of the epithelial sheet (data not shown). This was in agreement with data of neural cell experiments in which addition of ethanol to the culture induced cell detachment.20 Ethanol in the culture medium interacted with the LI and N-CAM molecules of neurones resulting in inhibition of cell adhesion. In our study, the increased cytoskeletal components are actin and cytokeratins, which happen to be the elements that interact with the cell adhesion molecules of plasma membrane. Tubulin, on the other hand, is not increased after prenatal ethanol exposure, but it happens to be a cytoskeletal element unrelated to cell adhesion. We hypothesise that the presence of a high concentration of ethanol (an average of 30 mM) in the fetal gastrointestinal lumen4 would first result in covalent modifications of the surface adhesion molecules of enterocytes. Secondly, in response to loss of adhesiveness, feed back mechanisms would increase the expression of cell adhesion molecules, which might cause the overexpression and rearrangement of cytoskeletal elements.
The atypical localisation of actin and cytokeratin in the trans golgi or the TGN, or both, can only be explained by the molecular modifications caused by ethanol or its derivatives, or both, in both the cytoskeletal elements and the membrane of these compartments. Ethanol is a substrate for phospholipase D,16 an enzyme that catalyses the hydrolysis of phospholipids, such as phosphatidylcholine, to phosphatidic acids. However, this enzyme also utilises ethanol and several short chain alcohols as substrates, resulting in the formation of specific phosphatidylalcohols, such as phosphatidylethanol. Phosphatidylethanol induces an increase in the fluidity of artificial and natural bilayers, considerably modifying the physicochemical properties of membranes.15
Moreover, the hydrophobic head group of phosphatidylethanol might change the membrane architecture by disrupting the ionic bond lattice extending over the surface of the membrane.47 These molecular modifications of cellular membranes might facilitate the nonspecific entrance of altered proteins, actin, and cytokeratins, in the trans golgi or TGN, or both.
In conclusion, our findings suggest that ethanol in utero exerts severe changes in the cytoskeleton of the developing intestinal epithelium. Actin and cytokeratin are two affected components showing increased expression and atypical intracellular localisation. In contrast, tubulin is not affected. Therefore, the effects of ethanol in utero are specific for the cytoskeletal elements related with the plasma membrane and thus, affecting cell adhesion. These findings may contribute to understanding the cellular and molecular basis of intestinal dysfunctions found in the offspring of alcoholic mothers, causing pre and postnatal growth retardation.
